Neutrophils as a source of cytokines in inflammation by Matsukawa, A. & Yoshinaga, M.
Histol Histopathol (1999) 14: 51 1-516 
http://www.ehu.es/histol-histopathol 
Invited Re vie W 
Histology and 
H istopat hology 
Neutrophils as a source of cytokines in inflammation 
A. Matsukawa and M. Yoshinaga 
Department of Pathology, Kumamoto University School of Medicine, Honjo, Kumamoto, Japan 
Summary. The recruitment of neutrophils into 
inflammatory foci is a fundamental process observed in 
inflammation. The function of neutrophils has long been 
regarded only as an effector cell that kills the invading 
pathogens. Recent evidence has demonstrated that 
neutrophils are capable of producing inflammatory 
cytokines. The findings are, however, mainly based on 
the findings obtained in vitro. It has not been fully 
elucidated if neutrophils could synthesize and secrete 
cytokines in vivo. Animal models of inflammation are 
essential to address the issue and provide insight into the 
involvement of neutrophils in producing cytokines. 
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Introduction 
Inflammation is a host response when noxious 
stimuli, such as pathogens, invade into tissues. Neutro- 
phi1 recruitment into the foci is one of the characteristic 
features of inflammation, and neutrophils play a central 
role in eliminating the pathogens. The function of 
neutrophils has long been thought to be the phagocytosis 
and the killing of invading pathogens through the release 
of enzymes stored in granules and the generation of 
reactive oxygen intermediates (Klebanoff and Clark, 
1978; Bainton, 1988). It has been believed that 
neutrophils are terminally differentiated cells and 
incapable of protein synthesis because of the relative 
scarcity of ribosome and endoplastic reticulum (Cline, 
1961). The function of neutrophils, such as phagocytosis 
and the release of lysosomal contents, remains when 
mRNA and protein synthesis are blocked (Cline, 1961). 
In parallel with the development of cytokine research, 
neutrophils were also considered as one of the sources of 
cytokines, but this notion was not definitely proved until 
the usage of highly sensitive techniques, such as 
molecular biology and immunoassays, in the 1980's. In 
this review, we describe the production of cytokines by 
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neutrophils both in vitro and in vivo, and verify which 
cytokine is produced by infiltrating neutrophils and 
influences the inflammatory responses in vivo. 
Cytokine production by neutrophil 
We for the first time suggested the production of a 
lymphocyte proliferation potentiating factor by 
infiltrating neutrophils (Yoshinaga et al., 1975, 1980; 
Goto et al., 1984a,b), proved it to be interleukin (1L)-1B 
(Goto et al., 1988),  and immunohistochemically 
demonstrated the production of IL-1B by infiltrating 
neutrophils (Goto et al., 1989). No IL-1R was detected in 
peripheral neutrophils (Goto et al., 1984a,b) and IL-1B 
production in neutrophils that were stimulated in vitro 
was completely inhibited when synthesis of mRNA and 
protein was inhibited (Yoshinaga et al. ,  1987), 
suggesting de novo synthesis of IL-1B in infiltrating 
neutrophils. In those days, macrophages were believed 
to be the main source of IL-1B at inflammatory sites. 
However, we proved that the majority of the cells 
producing IL-1B were infiltrating neutrophils (Goto et 
al., 1989). In vitro, Granelli-Piperno et al. (1977) first 
demonstrated that neutrophils were capable of producing 
a protein; plasminogen activator. Then, evidence in this 
decade has led to a consensus that neutrophils have the 
capability to produce a variety of proteins including 
cytokines (Lloyd and Oppenheim, 1992; Cassatella, 
1995a). These cytokines include tumor necrosis factor 
(TNF) a ,  1L-la, IL-10, IL-3, IL-6, IL-8, growth-related 
protein (GRO) a, macrophage inflammatory protein 
(MIP)-la, MIP-1B, monocyte chemoattractant protein 
(MCP)-1, interferon-gamma-inducible protein (1P)-10, 
IL-10, IL-12, IL-1 receptor antagonist ( IL- lRa) ,  
granulocyte-macrophage colony-stimulating factor (GM- 
CSF), granulocyte CSF (G-CSF), macrophage CSF (M- 
CSF), transforming growth factor (TGF) B, interferon 
(IFN) a and platelet activating factor (PAF) (Table 1). In 
agreement with the in vitro observations, recent in vivo 
studies showed that neutrophils are the cells producing 
TNFa, IL-la, IL-18, IL-6, IL-8, GROa, MCP-1 and IL- 
1Ra (Table 2), all of which are considered to play some 
roles in inflammation. Because of the potential to 
produce various kinds of cytokines, it is assumed that 
neutrophils may contribute to the inflammatory 





